Abstract. The purpose of the present study was to evaluate the effects of enoxaparin (ENO) and fondaparinux (FPX) on postoperative plasma D-dimer levels and risk factors associated with postoperative venous thromboembolism (VTE) and pulmonary thromboembolism (PTE) in patients with gynecologic cancer. For this study, 434 patients with gynecologic cancer were recruited and a surgical treatment strategy was employed. Plasma D-dimer levels were measured prior to surgery, as well as on a schedule up to 3 weeks postoperatively and again after day 28. Patients with clinical signs and elevation of the plasma D-dimer level underwent multidetector row computed tomography. The D-dimer value was significantly lower in patients with ENO or FPX on postoperative days 3-10 compared to patients with gynecologic cancers who were not receiving ENO or FPX. The D-dimer value was significantly lower in patients with FPX compared to patients with ENO on postoperative days 5-7. The D-dimer value on postoperative day 3, the use of erythropoiesis-stimulating agents (ESAs), advancing age and non-O blood group were independent risk factors for postoperative VTE. The D-dimer value on postoperative day 3 and the use of ESAs were independent risk factors for postoperative PTE. The postoperative D-dimer value was significantly lower in patients with gynecologic cancer who were administered ENO or FPX compared to patients were not administered either ENO or FPX. The use of ESAs and high plasma D-dimer levels on postoperative day 3 were independent risk factors for postoperative VTE and PTE.
Introduction
Cancer is a widely accepted risk factor for venous thromboembolism (VTE) and, to a lesser extent, arterial thrombosis. This risk is attributed to factors such as the expression of prothrombotic factors by tumors, tumor compression of vessels, inflammatory host response to malignancies, immobility, surgery, indwelling central venous catheters and certain antitumor therapies (1) . In cancer patients undergoing surgery, VTE is the most common cause of mortality in the first 30 postoperative days (2) . VTE is also a common complication of surgery for gynecologic cancer and gynecologic malignancies are classified as the highest risk group (3, 4) . It has been reported that 90% of pulmonary thromboembolism (PTE) resulted from deep venous thromboses (DVT). Kearon (5) reported that, in a large number of cases, VTE occurred between the intraoperative period and the first 3 postoperative days and that thromboemboli in many of these patients resolved spontaneously (50% resolved within 72 h). The risk of progression of postoperative VTE appears to be greater if the initial thrombosis is large and if there are continuing risk factors for thrombosis. The risk of symptomatic VTE is generally the highest within the first 2 weeks after surgery.
D-dimer, a marker of the hypercoagulable state, is a stable end product of fibrin degradation. D-dimer levels increase because of fibrin formation and fibrinolysis. Plasma D-dimer measurement has been widely used in the screening for VTE. The time course of changes in plasma D-dimer levels following surgery has not been defined, although a recent study clarified the time course associated with changes in plasma D-dimer levels after surgery in patients with gynecologic cancer (6) . The European Society for Medical Oncology (ESMO) Clinical Practice Guidelines recommends the use of low-molecular-weight heparin (LMWH) [e.g., enoxaparin (ENO) 4,000 units], unfractionated heparin (UFH) 5,000 units, 3 times daily, or fondaparinux (FPX) 2.5 mg in patients undergoing major cancer surgery (7) . ENO Statistical analysis. The Mann-Whitney U test was used to compare plasma D-dimer levels or postoperative day of VTE detection in the groups. The Chi-square test, Mann-Whitney U test and logistic regression analysis were used to investigate the relationship between various variables and the occurrence of VTE or PTE. P<0.05 was considered to indicate a statistically significant difference.
Results
Postoperative VTE and PTE. When the groups of patients were combined, VTE was detected in 31 (7.1%) patients on postoperative days 1-21 (median, day 7). The median postoperative day of VTE detection was significantly later in the case of patients treated with ENO or FPX (median, day 11) compared to patients who did not receive ENO or FPX (median, day 5.5) (P=0.028). The incidence of VTE in patients with ovarian, endometrial and cervical cancer was 7.4, 7.7 and 5.6%, respectively (Table I) . PTE was found in 14 patients (3.2%). The incidence of PTE in patients with ovarian, endometrial and cervical cancer was 3.2, 3.1 and 3.5%, respectively (Table I) . PTE was clinically symptomatic (dyspnea or chest pain) in 3 patients, but not fatal in any patient. A substantial number of thrombi and PTEs were treated using anticoagulation therapy with parenteral UFH followed by oral warfarin. Insertion of an inferior vena cava filter was required in 5 cases. Values are median (range) or n (%). P-values were determined using the Mann-Whitney U test or Chi-square test. VTE, venous thromboembolism; BMI, body mass index; ESAs, erythropoiesis-stimulating agents; CRP, C-reactive protein; PT-INR, prothrombin time-international normalized ratio; APTT, activated partial thromboplastin time.
Time course of changes in postoperative plasma D-dimer levels. The plasma D-dimer value gradually increased postoperatively, peaked on postoperative days 7-10 and then decreased. The D-dimer value significantly differed between VTE-positive and -negative patients preoperatively (P=0.047) and on postoperative day 0-21 (P<0.0001) (Fig. 1) . The D-dimer value was significantly lower on postoperative day 3 (P=0.0004), days 5-7 (P<0.0001) and day 10 (P=0.0009) in patients receiving ENO or FPX compared to patients not treated with ENO or FPX (Fig. 2) . In addition, the D-dimer value was significantly lower on postoperative day 5 (P=0.028) and day 7 (P=0.049) in patients receiving FPX compared to patients treated with ENO (Fig. 3) .
Risk factors for postoperative VTE and PTE.
Results of univariate analysis indicated that the D-dimer value on postoperative day 3, non-O blood group, the use of ESAs, length of surgery, the extent of lymph node dissection, age and the preoperative D-dimer value were significant risk factors for postoperative VTE (Tables II and III) . The use of ENO or FPX was not associated with the incidence of VTE. Logistic regression multivariate analysis revealed that the D-dimer value on postoperative day 3, the use of ESAs, advanced age and non-O blood group were independent risk factors for predicting the occurrence of postoperative VTE (Table IV) . The D-dimer value on postoperative day 3, the use of ESAs and not receiving treatment with ENO or FPX were significant risk factors for postoperative PTE (Tables V and VI) . Logistic regression multivariate analysis revealed that the D-dimer value on postoperative day 3 and the use of ESAs were independent risk factors for predicting the occurrence of postoperative PTE (Table VII) .
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Discussion
The present study measured D-dimer values longitudinally in patients in whom sub-clinical VTE prior to surgery was ruled out. These results showed that plasma D-dimer values were significantly higher in VTE-positive patients compared to VTE-negative patients preoperatively and on postoperative days 0-21, but not on day 28. The changes in postoperative D-dimer levels demonstrated the same pattern in patients treated with or without UFH, although 5,000 units of UFH twice daily was commonly used for a median of 5 days in cases requiring a more aggressive surgical procedure (data not shown). Findings of a previous study have shown that treatment with 5,000 units of UFH, 3 times daily, significantly decreased the incidence of DVT in gynecologic cancer patients, whereas this was not the case with treatment twice daily (3). Recently, ENO and FPX were approved for use as prophylaxis in Japanese patients undergoing abdominal or pelvic surgery. Following approval, prophylaxis with ENO or FPX for a median of 10 days has been routinely used at this institution, (as well as other institutions). To the best of our knowledge this is the first study to demonstrate a significantly lower D-dimer value on postoperative days 3-10 in patients receiving chemoprophylaxis with ENO or FPX compared to patients receiving prophylaxis with SCDs or SCDs + UFH. These results suggest that the decrease in the D-dimer level is a result of fibrin formation and fibrinolysis due to administration of ENO or FPX. Furthermore, this study demonstrated that the D-dimer value was significantly lower in patients receiving FPX compared to those treated with ENO on postoperative days 5 and 7. Therefore, 2.5 mg of FPX may The result of our previous study (9) demonstrated that the incidence of preoperative VTE was significantly higher in patients with ovarian cancer than in those with other types of gynecologic cancer. Unlike preoperative VTE, ovarian cancer was not significantly associated with postoperative VTE. In the present study population, VTE was found in 7.9% of the patients after the surgery. Owing to the high risk of postoperative VTE, this study also attempted to identify a number of risk factors that may be useful in identifying gynecologic cancer patients who are at even higher risk of developing postoperative VTE. In contrast to results of the previous study, results of the present study showed that a number of factors were associated with VTE in the overall study population. Age was an independent risk factor in the current study population, as well as a high plasma D-dimer level on postoperative day 3, the use of ESAs and non-O blood group, which have been previously reported (6) . These results demonstrate that the use of ENO or FPX significantly decreased the incidence of PTE, although therapy with these agents did not reduce the incidence of VTE. The lack of statistical significance detected for VTE is likely due to insufficient power to show a difference in VTE rates. This study also showed that a high plasma D-dimer level on postoperative day 3 and the use of ESAs were independent risk factors for PTE.
The use of ESAs was demonstrated to be an important risk factor for postoperative VTE and PTE. ESAs are biosynthetic Values are median (range) or n (%). P-values were determined using the Mann-Whitney U test or Chi-square test. PTE, pulmonary thromboembolism; BMI, body mass index; ESAs, erythropoiesis-stimulating agents; CRP, C-reactive protein; PT-INR, prothrombin time-international normalized ratio; APTT, activated partial thromboplastin time.
forms of erythropoietin, with similar biochemical structure and biologic effects to those of erythropoietin (10) . In this study, preoperative autologous blood collection was undertaken to minimize homologous blood transfusion in cases of radical hysterectomy and/or para-aortic lymphadenectomy and ESAs were preferentially used to correct anemia associated with the collection of autologous blood. Analysis of the safety profile of ESAs for patients prior to their going spinal surgery or open radical retropubic prostatectomy revealed that the use of this hormone does not increase the risk of thromboembolic events (11, 12) . An open-level, randomized, parallel-group study was conducted to confirm the safety and efficacy of epoetin α (PROCRIT) administered perioperatively vs. the standard of care in blood conservation in subjects undergoing major elective spinal surgery, available online at http://clinicaltrial.gov/ show/NCT00211146. This observation led to the FDA issuing black box warnings for ESAs, stating that 'Perisurgery: Due to increased risk of DVT, DVT prophylaxis is recommended'. The ESMO clinical practice guideline states that the use of ESAs should be carefully reconsidered in the case of patients at a high risk of thromboembolic events, such as those undergoing surgery (13) . These results clearly show that the use of ESAs is an independent risk factor for the development of VTE and PTE after surgery in patients with gynecologic cancer. Additional research on the safety of ESAs is required to confirm these results.
Owing to the suppression of the D-dimer value until postoperative day 10 in patients undergoing treatment with ENO or FPX, the median postoperative day of VTE detection was day 11 in the present study. This observation suggests that thromboprophylaxis reduces the incidence of VTE and delays the occurrence of VTE. In the Enoxacan II study, a double-blinded, multicenter, clinical trial of patients undergoing open abdominal or pelvic cancer surgery, the incidence of VTE significantly decreased from 12 to 4.8% when patients received inpatient thromboprophylaxis for 27-31 days (14) . The ESMO clinical practice guidelines recommend that cancer patients undergoing elective major abdominal or pelvic surgery should receive in-hospital and post-discharge prophylaxis with LMWH for up to 1 month after surgery (7) . The present study suggests that extended-duration prophylaxis may be considered for patients with gynecologic cancer and other risk factors such as advanced age, a high plasma D-dimer level on postoperative day 3, the use of ESAs and non-O blood group. However, a systematic review concluded that extended prophylaxis reduced asymptomatic VTE without decreasing the risk of death at 3 months and that the evidence for extended-duration regimens was limited and of poor quality (15) . More studies are required to determine an optimal, cost-effective chemoprophylaxis regimen. The current findings demonstrate that the postoperative D-dimer value was significantly lower in patients with gynecologic cancer receiving ENO or FPX prophylaxis. Furthermore, through multivariate analysis, the use of ESAs and the presence of a high plasma D-dimer level on postoperative day 3 were shown to be independent risk factors for postoperative VTE and PTE.
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